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- INTRODUCTION

This report is a review of the Broédview Acres injection SyStem to -
determine if this system has operated as designed. Six injection wells
‘were designed to inject wafer along UNRP's southern property line to
»imprdve the water quality in the Broadvfew Aéres al1uvja1 aquifer (see
VDréwing i fori]ocation). The alluvial équifér was simulated with a comﬁuter._
 model to predict the effectiveness of these injection wells. Modeling re-
.sults and design specifications fdr the injeétion system can be fouhd in” ,1
. UNHP's report, ('Modeling, DeSigh, and,Specjfjcations-of the Collection and
| Injection Systems.") The injection wells were mode&eﬂ at a tbtéi injection )
v'rate of 300 gpm. Injection has occurred for three‘péripds, 6/13/77 to
'12/30/77, 5/08/78 to;l/é4/79; and 4/10/79 to 8/31/80. - Average total rates
- of 50.5, 76 and 41 gpm.re§pectiv¢1y, wére.obtaineq fgr the three injection
' periods. | | ’., | |
- Unfted.Nuciear-Hbméstake Paftners (UNHP) entered into a ground-water‘ ;
v:;protectiqn b]an on 8/18/76 with the New Mexico Environmental Improvement
' 5iAgenty. A letter on.5/26/77 to the State of New Mexico from'UNH? dut]ines

' _-;the proposed monitoringiprogram: The'monitoring prqgramAﬁpnsistedxqf.thé

o fo11bwing; o : ‘
R © WATER QUALITY |
| .fk'Site :" B ___Parameters L 'f , Freﬁuencx
S sub-l -; , Na, HCOs, Sou, U, Se,'Mo,jRazzs,‘Nqa and As  Monthly (dropped) -
‘ Subéz‘ﬁ?}f:  / . f:. ff’:'ju e o " (quarterly)
Sop  L.E- ; | ~‘f§:';i i ';-' A - . :vMonthly'for 3 ho.,,'
T Co then semi-annually
. R IR ;f~ﬁ;" ffi : o ' o ”__' - "
: Deep“wgll #2-\. , ‘ A11 ground-water Regs. - o Bi-monthly (quarterly)

- (plus sodium and bicarbonate)‘

t



o

WATER. LEVEL

L (GH)
C(H)

NOTE:

S (monthly)

_ .l (month]y)
e

Site' _ Frequency .
‘F;VSule S Da11y for Stdays; then week]y-'(dropped)
o Sub-2 | o ‘%fi" n t'(month]y
Sub-3 . Ph“yfﬁf " h f(dropped
Sub-4 N :”f%ii " i_(dropped
, ,y ;njection We11s': . 3 " ‘-j(dropped

— et S

Parentheses contain modifications to mdnﬁtoring'program on 8/06/79;

Monitoring wells Sub-3 through Sub-8 and Welﬂs?ﬁHjand H were not part“

" of the formal agreement for water quality with the {State..
Cmill.

'%?.San_Andres well.

v_ éﬂeyaluate the water level changes.

jmeasurements after September, 1978.

" GH and H are used in the review of water quality changes.

. H and Sub 1 to Sub-8.

' Qimon1tor1ng was lost in September 1978 and May, 1979 respectwve]y

Wells P, Q and
iiR are the background wells: which are shown on Drawihg 1, north of UNHP's .
The sburce of the dnjection water is UNHP's Deep well 2' which is a
Wells GH, H, Sub 1, Sub-2, Sub-3 and Sub- 4 are used to

Consent to use we1ls Sub 3 .and Sub 1 for

vgljchange 1n the we]] head of well Sub-4 made it unaccessible for water 1eve]
Resu]ts from we]]s Sub-1 through Sub 8,
Drawing 1 shows -

"' the 1n3ect1on wells G, GG, GA, GB GC and GD and the mon1tor1ng wells GH

‘A summary of the results from this rev1ew w111 be presented first and -

 followed by recommendat1ons for changes in the 1nJect1on system to obta1n

: the des1red water quality reductions. The review of the 1nJect1on system
: gvconsists of three topics; 'injeetion:rates, water 1eve1-changes and water

3-quality changes These three items present the review in detai] wh11e the

i

"f Summary and Recommendat1on Sect1ons shou]d be consudted for a genera] review.

(2]



/

 SUMMARY

The 1nJect10n we11s have been operated for three separate per1ods, from

6/13/77 to 12/30/77, 5/08/78 to 1/24/79 and 4/10/{9 to 8/31/80 Average

| total anect1on rates of 50.5, 76 and 41 gpm were respect1ve1y measured for .
bthese three periods. Injection rates of 55, 90 and 45 gpm were used in the
“water level predictions because these higher rates are thought to be more

“‘refleCtive to the water Tevel changes than the actual average injéction rate.

_ Water 1eve1s were plotted versus time since injection started on semi-

log paper for the three 1n3ect1on per1ods Jacob's straight-]ine method was

_ used to evaluate the water 1eve1 rises in observation we]ls and make water '

Sub 2 were larger than the mode] results.

Tevel rise predictions for injection rates of 175" and 300 gpm The pre- -

dictions for 300 gpm injection rate compared fair1yfwe1}‘with'the computer

" ‘model results. The predictions for. the close Weiisdéh¥and Sub-3 were smaller

- than the model resu]ts, while predictions for the’ d1stant we]]s H Sub 1 and

' Water qua11ty -time plots were used to eva]uate the change of water

qua11ty for each well, while concentration maps were’ used to review the

water qua11ty changes areal]y in the Broadview A]]uv1um Tab]e'6 presents .

the max1mum concentrations of the background we]]s max1mum concentrat1ons

of the 1n3ect1on water, the drinking ground-water standards and maximum

concentrat1on in. the Broadv1ew Acres ground water before 1nJect1on and in

'.August, 1980. Table 7 g1ves the concentrat1ons for each const1tuent from
- “the Broadview wells before 1nJect1on and in August 1980 The water quality
dﬂ'f‘ constituents in Broadview Acres are to be lowered to the background 1evels
| to meet the. Groundwater Protection Plan Agreement. Const1tuents with
| dr1nk1ng water standards be]ow the background Teve]s are more cr1t1ca1

parameters with respect to 1ower1ng these concentrat1ons to background 1evels.

Parameters such as uranium with a much h1gher dr1nk1ng standard than the

_ ;' background ]eve] shou]d not be as cr1t1ca1 Se]en1um 1s 11ke1y to be the

3 -



parameter of most concern.
The reduct1on of concentrat1ons in the southern Broadview Acres will’
probab]y ‘take several years at the past injection rates These injection .
| rates do not,deve]op sufficient grad1ents to move the water fast enough.
| It is 1ike1y that an additional six mpnths.to one year of injection is needed

to reduce all concentrations to_background levels at an injection rate of

'-.3'300 gpm. An injection rate of 175 gpm will probably take an additional one

: fo one and one-half years to reduce the concentration to background levels.
- Theee estimates were made from the predicted water levels, an average.perf -
meab111ty of 30 ft/day and an effect1ve poros1ty of 0.1. |

The fo110w1ng is a generaT review of the present cond1t1on of each

- water quality parameter for Broadv1ew Acres. “The su]fate concentration of

hEWe1ls Sub-3,and Sub-4 are'be1ow the maximuh background level of 1330 mg/1

f:?(see Tab]es 6 and 7).. wé11s Sub-2{and Sub-8 contain.water with the highest.

Q:su1fate cahcentratfon. Well Sub-2 wi]l_probab]y maintain high.concentrations h

' fjof'su1fate for:severai months and probably be the governing.we11 for'sulfafe ,"
“ .: The reduct1on of su]fates in this well probably wou]d take six months to one

year at a tota] 1n3ect1on rate of 300 gpm.

| Sod1um concentrat1ons exhibit similar patterns as sulfate and w111

v ; probab?y take approx1mate7y the same amount of time to. reach the des1red

Acdncentrat1ons. The maximum background for sodium is 350 mg/], while the - -
“maximum injection concentration is 250 mg/1. | .
| Bicarbonatee of water from the monitoring wells on 8/80 were all below.
the 540 mg/l for.the}maximum background concentration except the bicarbohafe
a :of well Sub-5. The bdcarbonate'concentration_frpm well Subés_should be |
tﬁibelow 540 mg/1 in.approximately six and three months fer injeCtion rates
lof 175 and'300 gpm-respectively. B1carbonate shou]d be decreased below the

max1mum background level before several of the other parameters



‘The maximum background level for ntirate has been 28.5 mg/1 which is
greater than the nitrate values in the Broadview Acrés Alluvium. Nitrates

have been improved considerably by the past injection'with most values

B below or close to the ground-water dr1nk1ng scandard of 10 mg/1 on 2/13/79

rf and 8/80. ' _ a | )
.Concentration§ of uranium in all of the Sub wells Qere below the maximum

.background concentration except for wells Sub-3, Sub-5, Sub-6 and Sub-8.
- - The concentration'of wells Sub-3 and Sub-8 probab]y can be detreased_below

: the background level in a few months if the injection rate can be increased.
? water in well Sub-2 w{ll probably increase considerab]y in concentration in
.: the next few months. - This well wi]] probably take thq,]bngeét fo be lowered
;Z_below the background Tevel after it increases. |

Selenium probab]y will take the longest to be lowered be1ow the back-

'*?;.ground concentrations. Concentrations have been decreased below 0.3 mg/1

';3 to approximately 500 feet south of the injection we]]s'(see Figure 111).

i ‘E€IWater in we]]s Sub 2, Sub-5, Sub-6, Sub 7 and Sub- 8 contain va1ues s1gn1f1- 4

’i,'ficantly above background values. Well Sub-2- and Sub-7 will probab]y be the

‘.fi?last two wells to be lowered below background Tevels.

* Well$ Sub-5 and Sub-8 contain a molybdenum concentration above the

- f.maximum background level. It will probably take several months to lower

dkthe 1eve1 of molybdenum below the background level at an increased injection
“krate Mo]ybdenum should .be below background Tevels 1n a]] we]]s before some
!;of the other parameters.
The concentration of radium 226 in 8780 was significantly below the -
}\background 1eVeTs.in‘a11 we}lsl(oee Figure‘119)r Concontratfons of the
_é.distant we}ls have-changéd simf]ar touthe wells which are'close to the in-
f Jjection wells., 'This indicates that a different factorlhaé attributed to
%‘decrease in rad1um 226 concentrat1ons Radium shou1d not be a controlling '

- -, factor WTuh respect to stopp1ng the 1nJect1on system.:.



Arsenic has also been monitored for the Broadview Acres Injection
. System. ConCentrations of arsenio'fOr'a11‘wef]s-ﬁh“tﬁe-shbdivision"is
‘:C.Oi mg/1 or less, Concentration-time plots and‘concentration maps for
} arsenic weretpot plotted due to théfconsﬁsténtiY”ToW%COhcehtratiohs;"

o . e

- RECOMMENDATIONS '~ = ! SRR -

The fo]Towing are severa] recommendations for changes in the Broad-
iv1ew Acres InJect1on System '

'1. Drill seven additional injection wells and eytend the injection
. pipe‘Tine east to well H. InJect1on into these seven new wells and well H
;shou1d a]]ow the tota] injection rate to be ‘increased to- a va]ue in the
:4 range of 175 gpm. Six of these wells will enable “{njection to the east of

- the existihg-line; while two wel]s are proposed‘between-ex1st1ng;wells.

,:;.New wells are proposed instead of further deve1opment‘work on the existing

.. wells because the. new wells'should'be'more effectivel’” Drawing 1 shows the

E;_]ocat1on of the proposed new wells, | o ?iﬁ”ﬂ&f : ""ﬂ-

.. t2,_ Arsen1c n1trate and rad1um are proposed to be dropped from the
";i.water qua11ty parameters Significant concentrat1ons ‘of arsenic have never
»:;dbeen measured in the Broadview Acres alluvial wateri “Radium and nitrate
;ﬁi'concehtrations in Broadview allumium are below both the maximum bockground :

- 1eve1'and the ground-Water'standard These parameters shou]d be cont1nued

":f';‘for the Deep Hell 2 Tist of constituents.

. INJECTION RATES =~ | ,

i. ‘ The six injeotion wells were operated from 6/13/77 to‘12/30/77,.5/08/78
? to 1/24/79 and 4/10/79 to 8/31/80. Injectton rates were monitored weekly and
f reported to”the étate on a month]y basis. Figuré 1 presents'the average

1; month1y-injection for we]] G The average 1njection‘rate‘f0r'we1] G during

' % the first injectton period (6/13/77- 12/30/77) was 12. 6'gpm'Whi1e 14‘7 and
;‘10 4 gpm were the rates for the second ‘and th1rd periods respectively.

.F1gure 2" 'shows the injection rates for the,threé 1n3ect1on'per1ods for

B well GG. - Average injection rates of i4;8é 16 aﬁd}1}4 gpm were measured for



this weri for the three injection periods. Tne aoiiity or well GG to accept

_ water decreased very s1gn1f1cant1y the- 1ast injection per1od

The average ‘monthly injection rates for we]ls GA and GB are presented

~in Figures 3 and 4 respectively. Well GA was operated at similar rates for

éll three injectﬁon periods while the injection rate for the secohd‘period

ff for well GB was approximately five to four times the first and third injection
y?-periods. An increase of deVeIopment'of well GB probably attributed to the

~ increased injection rate for the second period.

Figures 5 and 6 present the month]y injection rates for wells GC and GD.

Both of these wells were'bperated,at larger rates for the second injection

N period than the other two periods. The-injectioh rates for we]is GD and GC

. were 10.6 and 3.8 gpm respectively for the third injection period.

Water level changes in wells should form a straight line on semi-log

3e=ipaper with time on the 1dg scale. Therefore,_it is useful to observe the
g ff total injection rate on the same type of p]ot; Figure 7lpresents the total
'ﬁié injection rate for the first injectibn7peried on a semi-log graph. The
B '“féitotal 1n3ect1on rate was in the range of 30 to 40 gpm for the first 75 days
.ffé of injection, wh11e the average 1nJect1on rate for the rema1nder of the f1rst
:£3f1n3ect1on per1od.was approx1mate1y 60 gpm. The total averagejJnJect1on rate

'_ﬁi for the first period was 50.5 gpm.

- Total injection rates varied considerably for the second injeetion period.

" 5f'FigUré 8 presehts the total injection rate for wells G, GG, GA, GB, GC and
' ; GD. Injection rates above 100 gpm were maintained during the first and last
3; portion of this injection period with approximately fhree months of very low

~-injection rates in the middle of the injection period;

Figure 9 pfesents the total injection rate for the third period on semi-

?. log paper. The injection for the third period consisted of an average rate

of 41 gpmAWith significant variations in the injection rate over the period.
The average total injection rate which is more Fef]ective to the water

level Change$ iﬁfthe observation wells is ‘thought tg\bg_SS, 90 and 45 gpm



-,respectfvely for the first, second and third 1njectjon'pekiods."These'va]ues

. are higher than the actual average injection rates, §ut the higher injection

. rates are thought to-influence the water level changes more than the Tower

. ones. The use of the higher average injection rates Will_produce more con-~

. servative water level change predictions.

WATER LEVEL CHANGES

| Water levels have been monitored on a weekly basis in six we]]s; Wells
 GH, H, Sub-l, Sub-2, Sub-3 and Sub-4 are the water level management wel]s_
: for the injection system end are.shown_on Drawing 1. Well Sub-4,was pumped_ o
.'ofteh, which has made this well un;haracterist1C'ef watek levejs'in the |
aquffer in this area at times. We11 Sub-3 was unavailable to be measured
'rduring most of the secohd and all of the third injection period. . |
Figure 10 presents‘the water levels for we]]s‘GH , H and Sub-4 from
1'_;June 1977 to February 1979, wh11e water levels for these wells for Januany

ls£1979 to August 1980 are given 1n Figure 11. Water level 1n_observat1on

9553;we]1‘GH responded quickly to the'start1ng and stopping of the injection

"'g;isystem.‘ The initial response of‘the‘aquifer can be attributedvto the aqui- .

'5j fer's confining properties. The water level in wells GH and H demonstrated .

| ‘g;a'gradual hisevin water level as injection continued. This portion of the

.': water level change in the monitoring wells is caused by the unconfining

JA? propert1es of the alluvial aquifer. The water level in observat1on well;
‘ Sub-4 varies more erratically than the other observation.wells which is
‘f probéb]y caused by the pumping of this well. Accuratebwater 1eve1Ameasure-
?lmentSJWere more difficu]t in this well because it conteins‘a pump Maximum -
| water 1eve1 changes for we]]s GH and H were six and four feet respect1ve1y.
Figures 12 and 13 present the water Yevels for.wells Sub-l Sub-2 and
Sub 3. Water.levels in wells Sub-l and Sub-2 have changed approximately

g?fdur;feet during the injection. Water levels in we%ﬂ'SUbw3,are:nbtvcpmp1ete



/..

~and the available data does not follow a'uniformgpatternt7i50me'ofﬁthe _

I .

. -water level fluctuations could be attributed to-barometric.pressure changes.
4IWater-1eve1 changes caused by barometric changesﬁaneﬁprpbab1y"at.the most

Jacob demonstrated ‘that. drawdowns on water level r1ses in a we]] shou]d

t'form a straight line on semi- log paper after the u value in The1s Well

Function becomes less than 0.01. Pages 98 t0=100ﬂof15err15‘(1962) has a .

good discussion on Jacob's Method . (Theis Modified“Method) - The u va]ue

| in Theis' Well Function decreases for a part1cu1ar well: as t1me increases.
h; Theretore the water Tevel rise in the .observations wel]s should form a

straight line on semi-log paper when u .approaches 0.01: Norma11y, water
."1eve1 changes' form a straight line for u va]ues‘Less{then 0.1"instead of |

~ 0.01. The following form of Jacob's Equation will be psed&to:eva1Uate the

. h{nweterf]eve1 changes in the injection observationAWe?1§;i e
BN . 264Q/As ;Ltnf W;”;] o ‘h
1§nffi;hhereie'T7= transm1ss1v1ty of the a11UV1al aqu1fer,.1n ga]/day/ft
LR Q= tota] injection rate, in gpm : aﬂ“i;”~;: va'“
As = water ]eve] change for one log cycle; in feet"

4:%=TheitransmiSSiv1ty of the aqu1fer w111 be'est1mated'w1th;the above equation_
t,;;for neasured'water level rises. The equation Will be ireversed to’estimate
?:the S]ope of the water'level rise for a new'discharge :.fhe.water'leve] |
| rlse 1n a well for a new d1scharge can be predicted for a part1cu]ar t1me
1?va1ue from ‘the rat1o of the old d1scharge to its water level r1se :The Qh"‘
:;f011ow1ng 1s the relat1onsh1p between the -discharge, and water: 1eve1 r1se

o for a wel] at a constant tlme : 4 ST j@tﬁ ?@g;‘f.gps_“'

. Ql/sl = Q2/52 el ‘)'r ir'ﬁ"“::-‘-'. & ‘ S
or sy = (Q/Qy)sy “




where: Q, = discharge of known water level rise, in gpm
sy = known water level fise, in feet
Q, = desired discharge, in gpm :
so = estimated water level rise for desired discharge, in gpm

Water Tevel rises will be bredicted by computing the new water level rise
for a particu]ar time value from the above equation ana the siope of fhe
watef level rise from Jacob's Equation. This procédure,wi]] produce the
expected straight line fbr water level rise for a new diSchargé} |
| WELL GH |

The water level rise for observatiOn-well GH is given in ?igure‘14 for
the first two periods of injection, while Figure 15 presents the water level
rise for the third period. ‘The wéter level for the first injection (6/13/77-
12/30/77) is presented as X while a dot is used to represent the water level
for the second injection period (5/08/78-1/24/79) in Figure 14. Table 1
giVes‘the water level data and the time since injection started for a]l.three
periodé for well GH; The straight Tine fit of the water level risé for both
injectionvpefiods is given on this figure. These figures were plotted with
shallower water_]eve]s'toward the bottom of the graph. A transmiSsiQity of
3400 ga]/day/ft was computed for the straight line fit for all three périods.
Dfscharges of 55, 90 and 45 gpm‘were used for the three injection periods.
This transmissi#ity agrees with the transmissivity of 3290 gal/day/ft from
a recovery test on this well (see "Groundwater Hydrology of.the Alluvium").

The ratio of the discharge to the water‘1evel rise was used with the
slope which was computed from Jacob's Equation to predict the Qater level
* rise for discharges of 175 and 300'gpm. Fjgure 14 presents the predicfed
water level fises for.we11 GH for discharges of 175 and 300 gpm. This in-

dicates that the water level in well GH should be approximately at 43.2

and 38.5 feet for the two discharges after 100 days of continuous injection.
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:lThe modeTing of the injection wells at 300 gpm indicated that well GH should
:.obserVe a 20 feet water TeveT rise after 185 days of injection (see "Modeling,

| Des1gn and Spec1f1cat1ons of the CoTTect1on and InJectxon Systems“) The

prediction in Figure 14 shows that the water TeveT rise for well GH should

be 17.4.feet after 185 days of injection at 300 gpm. The prediction from'

“the observed drawdowns compahes fairly well with the simulated results from

_f'the model study.

WELL H

Figures 16 and 17 present the water levels for-the three injection per- :

EpTOdS for'we]T H. Table 2 gives the basic data, while Drawing 1 should be
o :consuTted to lTocate well H. The straight line matches of the data for the
- three per1ods produce transmissivities of 5500 and 5700 gaT/day/ft TheT
_:; pred1cted water levels for 1nJect1ons of 175 and 300_gpm are shown on
":zFiguhe 16 also. "Water levels of 47.9 and 43.5 feet are phedicted after
"‘f?185 days of‘injectﬁon for rafes of 175 and 300 gpm reSpecciveTy TThe:watEFA?";f'
HﬁégleveT r1se of 10.6 feet for the 300 gpm 1n3ect1on rate is fairly cTose to |

| . "the. pred1cted water TeveT rise of 9 feet from the computer modeT1ng

WELL SUB-1

The pTot of the water TeveT data from well Sub-1 is given in F1gure 18

V?'for the first two 1nJect1on periods (see Table 3. for basic data) The small
.Id-amount of data wh1ch is ava1TabTe for well  Sub-1 for the thlrd 1n3ect1on

| per1od was not plotted on a semi-log graph. The strajght line fit of the

i first injectTon produced a transmfssivity of 4500 gaT/day/fc while a trans-:'

'f_m1ss1v1ty of 4800 gaT/day/ft was obtained from the fit of the water Teve]

T from the second 1nJect1on The average of these transm1$s1v1t1es was used
flto compute the sTope of the straight T1nes for the two pred1cted 1n3ect1on )
5? rates. ‘The ratio of the d1scharge to the waterllevellr1se for one of the

B known_injection rates was also used in defining'the predicted water levels.

11
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"frise slightly less than theseé values. ..

: 'f%were sma]]er for the farther we]]s

These pred1ct1ons indicate that it should. take 115 days to. create a water

-"ﬂffﬂlevel of 38 feet for an 1nJect1on rate of 300 gpm and 310 days for 175 gpm. "

WELL SUB-2 . e ‘;,u,.h

Water 1eve1s for well Sub 2 are presented on sem: 1og plots in. Figures

:"hrf19 and 20, wh11e the bas1c data 1s g1ven in Tab]e 4 The stratght line
?}:‘_fwts of the water 1eve1 for the 55, 90 and 45 gpmvanectiontrates:produced )
*.jtransmissiyities of 5700 and 5900 gal/day/ft. figure 19 presents the*ex— |

;;;pected water Tevels for injection rates of 175 and 300 gpm. Water level
"fi changes of-5.9'and 10;2'feetfarepredicted_afterﬁ}sqﬁdaxsgqf injectton at

175 and 300 gpm respectively. The model results, indicated.a water level
. i . ) - . . . N ' '-,. L ”“!A' L ‘ ;, -. o B ': . -

WELL SUB-3 .. .. .

ot
Pt

Water Teve]s"for‘well Sub-3 are questionableland'are,nqt complete._ A

c;d,few of the water levels for the ftrst injection period‘are giVen in Figure |
: '7%:21 wtth the basic data'tn Table 5. The stra1ght ]1ne f1t of - these water
;leeve]s produced a transmissivity of 4400 ga]/day/ft Water 1eve1 pred1ct1ons ]
'V‘é?for the tota] 1nJect1on rates of 175 and 300 gpm are. presented in F1gure 21 f
| ffia]so. These pred1ct1ons indicate that a water 1eve1 rise of 8 8 and 15.1 -
» hﬁp;;feet should resu]t from the 1n3ect1on rates of 175 and 300 gpm respect1ve1y
.‘iffor 185 days. The model results indicated a water 1eve1 rise of 23 feet

=fifé1n well Sub-3 after 185 days .of injection.

The resu]ts from the predicted water 1eve] rlses from the straight line

'f;}matches of the past injection per1ods agree - fairly we]] w1th the resu]ts
- from the computer mode11ng The predlcted va]ues for the closer we]ls, GH

.,and Sub 3, were sma]]er than .the model est1mates wh11e the mode1 pred1ct1ons_

12



“WATER QUALITY CHANGES

A comparison of concentrations presently in the Broadview Acres a11uv1um

B “to values before injection is presented first. Water quality p]ots of con--'

. centrations versus time are presented for each const1tuent of 1nterest The

hf?:d1scuss1on of the concentrat1on time p]ots is fo]]o ed by a presentat1on

H~

" of concentration maps for Broadview Acres '

" Table 6 presents the maximum concentrat1ons wh1ch have been observed

~in the background we]]s (P, Q orrR) since they were 1nsta11ed in-1976.

i
The concentrattons ‘which were measured dur1ng the operat1on of the 1n3ect1on

wells is presented in the fol]ow1ng f1gures Water qua11ty concentrat1ons

:were measured approximately f1ve times from January 1?76 to the start of the

~injection system. These concentrat1ons are ava11ab] 1n UNHP's water qua11tyg :
: report "Groundwater Hydro]ogy of the Alluvium". The water qua11ty of the

';i1nJect1on water is presented in the concentration- t1me plots also. Table ?

||!;

-*;presents the maximum concentratlons of the InJectlon water since 1nJect on
i;has started Dr1nk1ng water standards are a]so presented in this tab]e
h»:':The Tast two columns of Tab]e 6 present the max1mum concentrat1ons in the -

fia]]uv1a1 groundwater in Broadview Acres before the start of 1nJect1on and

’zl‘

~in August 1980. The two columns show that the max;mum concentrat1on has

been reduced except for selenium and mo1ybdenum.

Table 7 presents the concentrations for each oonstituent before the

injection was started and now. A comparison of the present values to the:

concentratxons before injection started gives a qu1ck esttmate of the amount '

|
of 1mprovement in the water quality near each we]] The use of the max1muw

'background concentratxon in Table 6 w1th present concentrat1ons in Table 7

}shows how much reduct1on in concentration is st11] needed

The su]fate concentratlons of a11 of the subd1v1s1on wells were initially

~ above the max1mum background concentrat1on,excepT we]1s Sub-7 and Sub-8.

L]
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Radium wa§ below the‘maximum background level before injection and is still

 ,be]ow this level.” _ : S N

SULFATE-TIME

-'.The sulfate concentrations for 1977 ahd 1978 a;e presented in Figure 22
for wells Sub-1, Q, R and UNHP Deep Well 2 (injection water), whi]e Figure
23'gives the 1979 and 1980 sulfate data. The maximum injection concentration
for sulfate of 680 mg/1 for the Deep WeT] 2 is given in Table 6. This‘tab1é

also shows that 1330 mg/1 is the maXimum concentration of sulfate WHich has

:’been observed in any of the background wells P, Q or R. The {njéttion con-

centration is half the value which has to be obtained for the Broadview
Acres alluvial aquifer. Therefore, sulfate should be.one of the easier con-
stituents to obtain the desired reduction in concentration. Figures 22 and

23 show-that conCentrations of sulfate in we]l-Sub-l'have decreased slightly.

T Th1s well is very c]ose to the upper limit of the concentration for su]fate
EEeThe su]fate concentrat1on maps wWill show some h1gher concentrations north of
- this well which cou]d be observed in well Sub-1 before the concentrat1ons

f&of the aquifer are reduced to background.

The sulfate concentrat1ons for we]ls Sub-2, Sub-3, Sub- 4 and P are

presented in F1gures 24 and 25. Well Sub-2 has demonstrated & gradua] in=-

crease in concentration during the injection. This is probably caused by

~ the movement of higher concentration water from the north to the aquifer

near well Sub-2. The sulfate concentration in well Sub-3 has degreased-

significantly during the injection and was measured to'be 910 mg/1 on

9/05/80. The sulfate concentration in the alluvial aquifer near well Sub-3

has been lowered below maximum background level. Sulfate concentrations of
' Ewater from Wel] Sub-4 have decreased steadily to levels veryfnear the in-
' jection concentration. Only a-small change in su]fate'concentration is

; ;expected'with édditionai_injectioh. Figures 24 and 25 also preseni the



" Wells Sub-1, Sub-2, Sub-5, Sub-7 and Sub-8 presently have concentrations

L greater than the background level. Levels of suifﬁtes have been decreased

in all subdivision wells except wells Sub-2, Subl7;and Sub-8. The .concen-

- tration of sodium in the subdivision wells were all in excess or equal to

'Aaf:the maximum background level. The water from only: one subdivision well is

presently beiow the maximum background level for eodium Sodium could be |

’a;the toughest parameter to be reduced to backgroundlieveis

| Five subdivision wells contained water higher than maximum background

“;vievels before injection for bicarbonate. Presentiv only the water in we]]
'Sub-5 is above this concentration. The bicarbonate concentration in well 3

‘Sub 4 has increased slightly whiie the concentratiqn of the remainder of the :

N wells has decreased.

A reduction in nitrate concentrations has occurred in ai] subdivision

‘rﬂ;weiis except well Sub-8 which has observed a s]ight 1ncrease A]] nitrate

'jéconcentrations are presentiy below the background 1eve]s.

| Three wells contained higher concentrations than the maximum background
;hievei for uraniumibefore the start of injection.! An increase in concentration
%iof'uranium.in wells Sub¥1,'Sub-6 and Sub-8 have been observed during the

:"»injection period. A1l uranium concentrations are present]y below the drinking B
-;dwater standard except water from well Sub-5._ o |

Seven of the.éight subdivision wells contained concentrations greater

,"than the maximum background concentration before the start of injection.

" Presently six of these wells still contain concentration above background.

| Water in the aqu1fer near wells Sub-3 and Sub 4 have been reduced below /

l

. ¢ the maximum background level.

- Only water from well Sub-5 contained a concentration of molybdenum
. greater than the background 1eve1 before 1n3ection.l The concentration in

:weli Sub-5 is stiii in the same range

i?“;
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: sulfate concentrations for Background Well P.
Well Sub-5 contained the highest initial sulfate concentration in
fe Broadview Acres. Figures 26 and 27 present the su1fete-time plot for
 we11s Sub-5, Sub¥6, Sub-7 and Sub-8. Copcentrations of sulfate frdm well
Sub-5.has varied considerably showing bqth improvement and degradation with
: time. The sulfate concentration inewé11 Sub-6 has decfeased steadily
during the lasf year to below 1300 mg/1. Well Sub-7 contains concentration
slightly higher than the maximum}beckéround level. The sulfate concentra-
_‘tionsldf this well should be below 1300 mg/1 within the time the_cohcentra4
| ition of well Sub-2 has decreased to ;his leVeI. anceﬁtrqtion'ffbm well
~ Sub-8 has increased significantly this last year. lAn'exfension of the in- |
jjection line to the east should quickly improve the water quality in this
:'Eiwe11. Water level changes indicated that well SUEAZIQi]T teke approximateiy
1etwice as long to feach the same water 1eve1 ehange as well Sub-1. It is
.1ike1y that well Sub-2 will also take ]onger to see an equa]_sUTfate con-
?icentration change. Well Sub-7 is approxjmafeiy the éeme distance as well
T‘i:?Sub;zﬁfrom the Tine of injection wells. This well Wi11'probab1y see simi-
.filar water'qua}ity changee. Therefore, wells Sub-2 enghSub-7 are expected
'fj.i:te‘be the twd‘weT]s which govern the time required'to reduce tﬁe sulfate.
| | SODIUM-TIME
Sedium %szanother major constituent which»has been-monitored for the?
i Bkbadview_Acres Injection System. Figures. 28 and 29 present the sodium ;
'iconcentrations for‘water from wells Sub-1, Sub-2, Q and R. The sodium
'3concentration from well'Sub-l has not shown a definite'trend' while a slight

: 1ncrease in sodium in well Sub-2 is indicated in F1gures 28 and 29. A

max1mum background concentrat1on of 350 mg/? for sodium has been observed

wh11e the maximun 1nJect10n concentrat1on has been 250 mg/]

ar
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The sod1um concentrat1ons for the AT]uv1aT Aqu?fer near wells Sub-3,

. !'r.-'

Sub-4 and P are g1ven in Figures 30 and 31 These f1gures show that the
R S 1.
- sodium concentrat1on of we]] Sub 4 was decreased to 3?0 mg/] by the end of
. SR

November in 1977 The concentrat1on of sod1um 1n we]] Sub 3 on 9/05/80

. !.“E; :.;:.,v.

~was 420, wh1ch is st1TT above the max1mum background of 350 mg/] A1l para-

 meters except sod1um in weTT Sub 3 are beTow the. ground water standards or
| the max1mum background TeveT » _
F1gures 32 and 33 present the sod1um concentrat1ons for we]]s Sub 5 and

'\Sub 6. Some decrease in concentrat1on has been observed 1n weTT Sub 5
: 7 'y T R

while the sod1um in we]] Sub- 6 has decreased stead11y thws ]ast year Con-
:centrat1ons of sod1um from we]]s Sub 7 and Sub -8, wh1ch are presented in
d _'-'13 :
- Figures 34 and 35 have been fa1r1y steady The sod1um concentrat1ons from
ﬂ t: ' ‘ :

' j?these we]ls w11] not requ1re a Targe decrease'1n the1r“concentrat1on to
;-:greach the 350 mg/T o | ' Thla_ﬂl L
: o BICARBONATE TIME I:T | o
Table 6 g1ves the maximum background concentrat1on of b1carbonate as

f.;;540 mg/] The 1nJect1on concentrat1on of b1carbonatej1s 553 mg/] } F1gures _’
| .¥?36 and 37 present the b1carbonate time plot for wel]s Sub 1 Sub 2 Sub 4

f-and P. The concentrat1on of b1carbonate for each of these we]ls is be]ow

jf:540 mg/T Flgures 38 and 39 give the bicarbonate concentratmon for wells

't Sub-3,. Q and R while the concentrat1on for wells Sub 5 Sub-6 Sub 7 and
| ?sSub 8 1is presented in Figures 40 and 41 OnTy the concentrat1on of bi-
3 carbonate from we]] Sub-5 is still above the max1mum background concentra-A
;}t1on for bicarbonate.. - - ” -
| | . NITRATE- TIMé |
Maximum n1trate concentration of 28 5 mg/1 has been observed in the
by ;

% background weTTs wh11e a maximum 1nJect1on concentrat1on of 2.1 mg/1 was ~

?measured thures 42 and 43 present the n1trate concentrat1ons for wells

/17



Sub-1, Sub-4, Q and R. The high nitrate cqncentratipné in the'background
“wells Q énd R shonld eliminate nitrate as one of the parametens which has
to be lowered in the a11nvia1 water 1in Broadview-Acres; A nitrate concen-
“tration (as N) of less than 10 mg/1 is desirable for Broadview Acres a11u;
vial aquifer begauée it -is a domestic supply. Thjs concentration shou]d
be eési]y reaéhed in_all wells before some of the other constituents reach
background 1eveis.' Figures'44 énd 45_présent the nitrgte-time conCentra-'
t{ons’for we]]s'Sub-Z, Sub-3, P and Deep Well 2, while cdncentrations for‘
-:'weils-Sub-S,'Sub-G, Sub-7 and Sub-8 are given in Figurgs 46 and 47.
o URANIUM-TIME |

| Uranium concentrations of 0.72 and 0.17 mg/1 have been the naximUm
S and second hiéhéstfconcentrations from the backgroundiwe]]s. Maxfmum con-
*.,fcentration for-the_injection water has been 0.19 mg/T,’wnile the second
;ihjghest concentration of;injection-water was 0.12 mg/1. Figures 48 and 49
E?present the‘uranium-time.plots for wells Sub-1 andASub¥3; The.concentration
f':§i°f uranium in well Sub-1 is very close tq maxfmum backéround Tevels, while
:Ethelconcentfatinn in well Sub-3 is still higher. Well.:Sub-3 has seen sig- n
~ finificant décrea;e in uranium with a uranium concentrgtion of 1.7 mg/1 on
U os0ss80.
: Figures 50 and 51 give the uranium concéntnations'for-we11s Sub~2 and
g Der'We]]_Z. The uranium concentration in weli Sub-2 is presently acceptable.’
_IThé uranium-time plots for Sub-4, P, Q and R are given in Figures 52, 53, |
'éw54.and 55. Concentnationé'from well Sub-4 are low and'very similar to well
"P. Figures 56, 57, 58.andn5§ present the uranium concentrations for wells
t'.:Snb-S,-Sub-G, Sub-7 andnSUb-S. The uranium concentrations fdr well Sub-5
: ';are 1arge, but néve seén-some rednction from the injectinn program. Con-
' centrations of uranium in well Sub-8 have increased significantly over the
a ?past two years,‘_Addi;ionai fnjention wells to the égét of theApresént_]ine

1 f?shou]d*quickly reduce concentrations in well Sub-8.

' 2



SELENIUM-TIME woviooee 0 o
- ~ The maximumgbeckgfoundeconcentration for:seﬁapﬁquhas been 0.30 mg/1
- while the second'highest-background‘concentratjPn&ﬁongseienium was 0.23 mg/1.
se;The ﬁaximum iniection concentration-for.se]enﬁumwhqs;been 0.08~mg/iﬁ, Figures
" 60 end 61‘present-the se]enfum—time‘p]ot for weiJSvSub-l - Sub-3 -Qﬁand UNHP's
. ‘Deep Well 2. The concentration of selen1um in we11 iSub-~ 3 is below .the back- '
}fground of 0.30 mg/1 on 9/05/80 with:a concentrat1on of 0.07; mg/]
| Fjgures 62 and 63 presents the selenium plptsgﬁon;wells~5ub-2,-5ub-4, P
":ahd‘R. The selenium concentration from}we111SubfZEisﬁsignificant1y higher
t;fhan 0.3 mg/1 and has not shown anyﬁtrend'tewerd improvement The concen--
. tration in well Sub-4 was ]owered be]ow 0.3 mg/1 +in; December of 1977.
--T‘ ’Se1en1um concentratvons for wells Sub-5, Sube6,;5upe7yand Sub-8 are_g1ven
'ﬁ;in Figures 64 and 65. The concentration ‘from each .0f tﬁese wells is above
=£?£he maxihum baquround,1eve1.-“it could take sevequ“weaPs-to lower the se-

! lenjum concentration in the a]luvial.aquifer.near;q]lﬁbf these wells at the

f}jéipast'injectienlrates. - Significant reductionvin-concentretioh has occurred
,.i;:in'well Sub-6 - The concentrat1on of wells Sub-2 and Sub-7 w111 probab]y |
f?f;take the 1ongest to be lowered below 0 3 mg/] agv.;g{3_3$ R

i MOLYBDENUM.TIME ‘

- A maximum fnjection concentration of 0;13_mgﬁ1-has been observed fer-
;fimolybdenum while 0.20 mg/1 has been the maximum background concentration.
;;.The mo]ybdenumftime plots for we]]svSub—l,_Sub-7-and'R are given iﬁ Figures‘
23166 and 67. Theuconcentration has increased slightly in well Sub-1 dqring
;M-the injection. Figures 68, 69, 70 and 71 present the'molybdenum concen-
‘"tfations for‘wells Sﬁb-2 Sub-3, Sub-4, P, Q and Deep-WeT]-ZQZaThe concen-
o trat1ons of the water from all of these wells is .below 0.2 mg/1. The molyb-
denum-t1me p]ots for wells Sub-5, Sub-6 and Sub- 8 are given. in Figures 72,

j 73, 74sand 75. JWellfsub-S contalps-a,molybdengm;cgg&entra;uon;slgn1f1cant1y

i . . P

S ¥

TS
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 above background Ieve1,.wh11e cohcentration-in we1i Sue-8'is'r6ugh1y twiee
- the background. 5 |
' | RADIUM-TIME
A maximuﬁ radium 226 concentratfon of 4.9 pCi/i was observed ftom the
background wells, while the makimum.injection conceﬁtration was 2.9>pCi/1.
"'The radium 226-time plots forrwe11s Sub-l, Sub-2y SUb-B, Sub-4, R, and
:'Deep Well 2 are presented ih Figures 74, 75, 76, 77 and 78._ The conceﬁtra- |

-}ftion of each of these wells is normally less than 3 mg/1Q Figures .79 and 80,4

'-f_give the ‘radium 226 concentrations for we]]s P and Q. The radium concentra- '

tions for wells Sub-5, Sub-6, Sub-7 and Sub .8 are g1ven 1n F1gures 81, 82,
83 and 84. Concentrations of each of these wells are below the background

;_level Radium should not be a problem because background levels are above

:' 4fithe values in Broadview Acres Alluvium.

SULFATE MAPS

Concentration maps for sulfate, sodium, bicarbonate, nitrate, uranium,

| "?ffse1enium,lm61ybdenum and radium 226 will be presented pext. Maps have been

'frconstructed for four difterent’dates, 6/13/77 (prid# to start of injection)

- '11/30/77, 7/13/78 and 2/13/79.

" Figure 85 presents the sulfate concentration map of the Alluvial Aqui-

. -fer at Broadview Acres on 6/13/77 (pre-injection) Sulfate concentrations

of greater than 2000 mg/1 are shown in the western port1on of. Broadv1ew

| Acres. Figure 86 gives the sulfate map on 11/30/77 wh1ch is 170 days after
injection started. A significant decrease in concentration has been ob-.
" served around the tnjectien we]ls.with the remainder of the area fairly !.ﬁ
Q‘simi1af to preeinjection contours. The sulfate map for the Broadv1ew

'g Acres Aquifer.on'7/13/78 is presented in F1gure 87. July 13, 1978 is 66

f'days aftértthe start of the second injection. These contpurs are fairly

"'similar.to~the eoﬁtours on 11/30/77, except that the 1000 mg/1 contour



e

" Tine around the injection wells has increased in area. Figure 88 gives the

'r:sulfate contours for 2/13/79 which'shows a larger area of decreased concen-

- trations. Wells Sub-2 and Sub-7 have demonstrated a s}ight increase in sul-

- ¢ fate concentrations, while the remainder of the wells have shown some decrease.

" The increase in concentration of these two wells is probably caused by the
flow of higher concentration water from the center of Broadview Acres toward

-s these wel]s ngure 89 gives»the sulfate map for August, 1980. A significant

;'nf'reduct1on in the sulfate concentration has occurred in the a]]uv1a1 aquifer

’ff:near»we11 Sub-6 A similar increase has occurred in we]ls Sub- 8 and Sub-2.

SODIUM MAPS |
Figures 90, 891, 92, 93 and 94 give the sodium concentratfon'map for
" 6/13/77, 11/13/77, 7/13/78, 2/13/79 and 8/80 respectively. The pre~in-
-_i'jection concentratioh map shows that two areas of greater than 700 mg/1

' *. occur in Broadview Acres. The maximum background level for sodium is 350

‘frf:mgll (see Table 6), which indicates that the concentrat1on in most of

. Broadview Acres needs to be reduced. The concentrat1on maps for 11/13/77
4(170.days after.sthrt of first injection), 7/13/78 (66 .days after start of -
Vsecond injection),_and'2/13/79 (261 days after start of second injection),

- show a significant improvement around the injection wells with some improve-.

‘ment in all other wells except well Sub-2. The August 1980 concentrat1on
shows add1t1ona1 improvement. in we]]s Sub-5 and Sub-6.

. BICARBONATE MAPS

Three concentration maps (6/13/77, 2/13/79 and 8/80).were deve]oped’for

bicarbohate The pre-injection map (see Figure 95) shows a significant

., area with concentrations greater than the maximum background concentration’

;'of 540 mg/] ‘Figures 96 and 97 show s1gn1f1cant reduct1on in the area of

- concentration which is greater than the 500;contour.



A NITRATE MAPS : —
Four concentretions'maps (11/30/77 7/13/78 2/13/79 and 8/80) were

. developed for nitnate as nitrogen. A pre-injection.map.was not,deye1opedJ
’,due to‘incomplete data. Figures 98, 99, loonendﬁ}011show;thetnitrate_cone'
'f}centration maps for the Broadview Acres a]]uyia1_egujfer,“~more reduction

“in nitrate has been observed than inlsu]fate>or,sodjumﬁ;ﬁthratenconCentre-

tions have been reduced to below the maximum background and-drinking stendard.

levels in a11 of the sobdivision wells. The reduct1on of nitrate 1s im-. )

8 fportant for the use of the a11uv1a1 water as a. domest1c supp]y with respect

to infants.

URANIUM MAPS -

B

" Uranium concentrat1ons for 6/13/77 11/30/77 7/13/78 2/13/79 and 8/80

: were constructed for the Broadview Al]uv1a1 Aguifer.. A max1mum background
1vuran1um concentrat1on of 0.72 mg/1. has been observed w1th the second. h1ghest
.'L:concentrat1on of 0.17 mg/l. Figure 102 presents theaneanJect1on uranium
ffmap‘for-the Broadview Alluvium.. The area of,concentnetion greater than- 5
'lgimg/1 which is above the ground-water domestic standaros is. the main area of
1;3concern with respect to uranium. - Figures 103 104, 105 and. 106 show. signift;
~'f)cant reduction of concentrat1ons near the 1nJect1on we]]s w1th some 1mprovement'

f}1n the other wells.

SELENIUM MAPS

Concentration maps for selenium were developed for 6/13/77, 11/30/77,

;{7/13/78 2/13/79 and 8/80. The max1mum contour line on the pre-injection.

f map is one, while the max1mum concentration of the background wells was 0. 30

mg/1. ,Most of the western part of Broadv1ew Acres is above 0.3 mg/1. Se-

lenium maps for 11/30/77, 7/13/78, 2/13/78 'and 8/80 are.given in.Figures.:

.108, 109, 110 and 111 respectively. The concentration of water in wells

| Sub-2 and Sub-7 have steédily increased with injection. These two wells

':,ﬁ w111 probably take the Iongest to be Towered be]ow 0. 3 mg/l The selenium

e



g concentrations for these twd we]fs could 1ikéiy be the last constituent to
© meet the desired fmbroYement. | i o
MOLYBDENUM MAPS
..Mo1ybdenum concenfration'maps were constructed for 6/13/77, 2/13/79 and
: 8/80 for’the Broadview Alluvium. The maximum background 1eve1 for molybdenum.'
- has been 0.20 mg/1. Apprbximate]y the western one-third of Broadview Acres
) had concentrations higher than this prior to injection (see Figufe 112). |
'}JThe concentration‘maps on 2/13/79 and'8/80'(see'Figures 113 and ;14) show
. that the concentration of the northern half of Broadview Acres has been
“reduced below the backgrdund level. The movement of the higher.coﬁcentratiqn
 of molybdenum seems to be mainiy to the south of well Sub-5, -and therefore
'  wé1]s Sub-2 and Sub-7 might not be influenced by the higher molybdenum i
’:water. : ' N .' | g
e RADiUM MAPS

Radium 226 concentration maps were constructed fqr the five different

o 3?timesfor Broadviéw Acres. The maXimum.concentration of the background wells

;ﬂfor radium 226 has'been 4.9 mg/1. The pre—injection mép which is shown 1in
;g}Figure 115 does not contain any concentrations above this value. Figures

-'i§116, 117, 118 and 119 show a large decrease in radium concentrations over

B ; a11 of Bfoadview'Acres. Concentrations of radium have significantly de-

"?Creased in wells which the injection has not réached.:'This indicates that
" the decrease in concentration of radium is caused by a different factor than
~ injection. The radium Eoncentrations.in the alluvial aquifer in,Brbadview_'

acres'do not'need;further reductionQ

R ; .
i .
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© TABLE 1. WATER LEVEL DATA FOR OBSERVATTON WELL GH

- TIME SINCE " TIME SINCE

~ DATE . INJECTION STARTED INJECTION RESTARTED  WATER LEVEL

FIRST TIME . SECOND TIME (FT-MP)
~ (ta days) ~ (tzs days) |

B T« 8

T Y X

| | | o | . 449
48.44
48.60
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~ TABLE 1. 'WATER LEVEL DATA FOR OBSERVATION WELL GH (Cont'd)

o S TIME SINCE - TIME SINCE : C
© DATE -~ INJECTION STARTED “~ INJECTION "RESTARTED '~ WATER LEVEL

| FIRST TIME © -~ SECOND TIME (FT-MP) -
- (t;, days) (tz, days)inp-

C8-02-77 © 50 - 48.47

05 . . 53 48.69
15 o | e T g
2 s
26 - u o A - .48.:07'
oo m o weas
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S wm o s
e e e
677 w6 a638
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12478 0 zs . T agas
22178 '_ 253 o 48.78
o osoe78 28 a9
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TABLE 1. WATER LEVEL DATA FOR OBSERVATION WELL GH (Cont'd)

| B TIME SINCE "TIME SINCE - - B
DATE = . INJECTION STARTED INJECTION RESTARTED WATER LEVEL
" FIRST TIME SECOND TIME - (FT-MP)

(ty, days)  (tp, days)

" €'4-06-78 e . 48.60
e ams 0
Coss7s . om9 0 a9
 '.4-09-78_1j,f3 a0 - | Sl 4743
o s 3 a0
o s e
s w22 aeas
R - S S
741878 o 400 o 71 s
os017s T s ;' . ,‘;' -~ 46.91
Cos2trs o oaes o1 4523
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S ‘ b2 'ﬂ,€ S L8 4y
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e oss e s

v.'f  f? 19  :}f¥f}j>;Z::fJ 554 'i g; o 4-:1 295 | ' ,':'{' 44.35
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s sw e oesae
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TABLE 1.  WATER LEVEL DATA FOR OBSERVATION WELL GH (cont'd)

_ TIME SINCE '
S o - 'INJECTION STARTED IV WATER
DATE ~ . . THIRD TIME - : LEVEL

- (ta, days) 3 . (ft/MP) -
1-07-79 . a7

nNy
o

[ B R |
. >
~J
(=2}
~J

n
\'
[
N
[00]
w
N

o
o
| S I I |
ES
oo
ES
[se]

—
W
Ow N
oY
o
W
e

a1 5.0

6-04-79 o o ss 0 a3sp
12 - e S 83 oo T T 44,56
20 g1 i gpiss

S 7-03-79 ¢ oo .0 . BA SOl .t 146,69
10 T e 47066
17 e e 88 i ' S0 48,21
24 - ooy 106 SRSEEE
31 T

. 8-14-79 S o 126 i 48,51
21 . o o 133 . . 46.90
23. ... . . 13 . . 4572
27 o o 139 . 45,63

9-04-79. . L 147 o S 46,36 v
07 - o .. 150 ¢ S 46.45 .

C11 154 - 45,46
200 e e 188 . © . 46.20
2B 188 4574

10-02-79 S V4 4746
03 . S 176 ‘ B 45.91

17 .. . 190 | S 47.54

22 .. 195 o 45.84
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-~ TABLE 1.

(cont'd)

© WATER LEVEL DATA FOR OBSERVATION WELL GH

TIME SINCE

8-18-807

ST

! INJECTION STARTED |
- DATE THIRD TIME LEVEL
11-06-79 o 210 - 46.10
13 f 217 46.06
26 230 46.11
12-05-79 239 45,24
13 - 247 46.10
19 253 45.88
1-17-80 282 46 .32
21 286 45.40
29 - - 294 - 45.63
2-04-80 300 45.35
18 - 314 45.55
28 324 45.81
3-08-80 L 333 46.70
17 . 342 46.48
4-03-80 359 46.34
5-21-80 407 47,59
27 413 47.60
6-06-80 423 48.02
12 429 46.51
24 435 46.47
7-02-80 443 46.90
17 458 47.50
21 42T ' 48.22
28 469 45.67
4% 4741



© TABLE 2. WATER LEVEL DATA FOR OBSERVATION WELL H

” . TIME SINCE _ TIME SINCE S
DATE . INJECTION STARTED . INJECTION RESTARTED  WATER LEVEL
- ~ FIRST TIME _ .. SECOND TIME. (FT-MP) |
(t1, days) o (t2, days)

- 53.70

(&)
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15
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IRt
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TABLE 2, WATER LVEVEL DATA FOR OBSERVATION 'WELL. H (Cont'd)

-  TIME SINCE TIME SINCE | .
DATE INJECTION STARTED = INJECTION RESTARTED  WATER LEVEL
. FIRST TIME ~ SECOND TIME ~ - (FT-MP)
(t, days) N (s dayg) B

‘f‘ 0-06-77 - . & o s

S e s

T R X

el o @ s
R R L 136 R D C 52,49
w7 o e e
" 1g -:Q; f;; j:.."_ 158 ..f‘} " . - 52.24

T T T S A PR

e oo s s0e
L S _i1901;; ;};.   1 :} ;; o {1f  T

SN T

30 Cotaoo

BB STE

e 219“_¥}, o '72253   o 1; 52,74 ‘
: 2-21-78;7§;§f§515_g;: 253‘;?;5 .;T., S j‘hi' 52.78
o “ ”'_. '280'_Q_:i; L A f'_ L s
B L S N N T

S 3-20-78

0 -f_jj:: D 301:'y:_ - 'fv -  :‘ 52.79
S o ms o s
"ff:5~08f78.{3,ff',-2 Cwe .. w0 s2.87
16 om0 s s
00 -, s 2 506

6-15-78 - 367 o 3 . 52,05

2q



| TABLE 2. WATER LEVEL DATA FOR OBSERVATION WELL H (Cont'd)

: TIME SINCE TIME SINCE - ‘
DATE INJECTION STARTED INJECTION RESTARTED  WATER LEVEL
. FIRST TIME " SECOND TIME (FT-MP)
(ty days) (ty, days) ;

— . — e -

62778 39 s . s02
9-08-78 . 452 123 o 5224

| 20 . s . s sL13
S 10-03-78 . 477 w8 slss
16 T R 1 R W

25 s ;I_' "f o0 sz
w0778 sz . 13 sLu
20878 s 24 503
FES U o 55 S aes " 50.40
o 563 ’___   o | o

Coose3l e ase o s072

30



©° TABLE 2. . . WATER LEVEL DATA FOR OBSERVATION WELL H (cont'd)

—_TIME SINCE | -
o ' INJECTION STARTED  WATER
CDATE-. THIRD TIME . ., LEVEL

(o, days) 1 (ft/MP)

1-07-79 e oo sy

[ I I |
O

g )
o
(&3]

oOwMN
(8)]
s
~
n

o ‘=' ’, 5076
e . L snal

L8l . sl.8
8 . BL07

94 -1 - L2l

S o+ B1.BB

108 . . b5l.8

115 . 51,81
122 - i 51,95

136 o © 51.89
143 . S 5174
145 o 51,30
49 . 51,33

157 - 5139 .

160 5282
184 . . 51.13
SV R . 50.85
o178 - 51,05

10-02-79.. - - .Y 185 | ¢ 5129
03 SO 186 51,25
o7 | 200 | 51,37
22 B 205 ” - 51.25

oo
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TABLE 2. WATER LEVEL DATA FOR OBSERVATION WELL H
: - “(cont'd) . - _
TINE SINCE
: | ~ INJECTION STARTED WATER
 DATE " THIRD TIME ' LEVEL
- _(t3, days) (ft/MP)
©11-06-79 220 51.03
13 227 50.68
2 . 240 50. 24
© U 12-05-79 ug 50.53
TR 257 50.98
19 263 50.74
1-17-80 292 1 50.70
21 206 50.65
29 304 50. 55
2-04-80 310 50. 64
18 324 50.56
28 38 1 50.57
3-08-80 337 50.70
17 ~ 346 51.05
4-03-80 U383 50.90
5-21-80 o411 51.34
27 SRSt 51.44
6-06-80 BTy 51.53
12 433 51.62
24 - 445 51.25
7-02-80 © o453 51.90
17 468 51.45
21 472 51.46
28 | 479 51.18
8-18-80 i 500 - 51.46



TABLE 3. WATER LEVEL DATA FOR OBSERVATION WELL SUB-1

o o TIME SINCE o TIME SINCE : ;
--. - DATE . INJECTION STARTED INJECTION RESTARTED  WATER LEVEL
' Co FIRST TIME — SECOND TIME - (FT-MP)
; (t, days) . (tz, days) a :

. 48.40

L ge13-77
o G 148.05

A
1 R

'47;§7

47,80
e
47.76

N T . | 47.71

wm e aes
Cgesro o w0
R LI A
RIETE R R R Y ;
e w o ay

i
I
i

~ [44) > [ 75 T A+ - <

20

. f35.T57 ¢f;ij: _:“;?‘ _”. :‘;';'_tJ;'z 47.51

_i:'3—02-77f ;f{”fff€?::'~§50 “-7€f ”'f‘fv'"‘jf EREREY gﬁ*"'47§38' } |

j::f.09 g‘ if‘*!fa';ff;L 557 'ft,fiv o f,  T Z}Ii{; 473 o

. f:i 22 ""fﬁ "'f; ' . 00 ) 47;59.—'
30 ;_' *if. 78 A, ? | L o jﬁl 47,22
ge12-77 o el ¢+ ‘; S ' 5'f'46.6a

© 10-10-77 AR 2o s

-fi 17 ‘: 1 .§ﬂ2€-’;'l127' f i:‘_ f ,' : : _ '1‘ 46.84

26 '4,1351-ﬂ.¢fa_..?‘.1 :f‘.'_ : : ;1.; 45.92

A x: " is DR S S S TP |
neot77 w1 0 46.36




-~ TABLE 3. WATER LEVEL DATA FOR OBSERVATION WELL SuB-1 (Cont'd)

: . TIME SINCE - TIME SINCE =~ L
DATE - INJECTION STARTED INJECTION RESTARTED  WATER LEVEL
S FIRST TIME - - - -SECOND TIME - (FT-MP)
- (ty days) ~ (tz, days) -

B A T TR
'fi_12-06-77" [*H'_, e ) - - 46.21
. 13 5 ' o183 '.";'. o 45}70'
20 . 10 L o 4678
s a0
Sl 29 s
wm a0

20778 . 0239 o ara0

30378

21 00 oesy o o s
08

n T Y- S X
20 e
- '.lqiif*”l‘; o S o S e
4-05-78',i_' ;‘- e o 4760
L1g v7 fl[%"'f . 309 :sz-_“ T f,;A-r' 47.29
35 L aar
50878 39 "o L ar.4e
s as 15 455
IR  4'351.-;1v |  ,';- 22 6.0
60578 37 28 L 4s07
2 .f'; o awe s asa
©7-06-78 38 - s wae
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~ TABLE 3. WATER LEVEL DATA FOR OBSERVATION WELL SUB-1 (Cont'd)

o - . TIME SINCE _ TIME SINCE . o
- DATE INJECTION STARTED INJECTION RESTARTED WATER LEVEL
L © - FIRST TIME '  SECOND TIME (FT-MP)
(t1 days) C (tz, days) . .

E 7-18-78 400 . . o  46.84
o e S d sy
80978 4 S8 4663
N 100 4682

B e s
‘ 19;03,78  ﬁ'v'Ff‘ a7 R s 45.81
16 _i.f'=' i a0 RGN 45.71
| 25 ,:,' ;“i { . 499 ':1 .  5' :: 0 4505
e fﬁi‘ 11;07-78;f??; A?1.f}' 512 e 4490
PR S s B 189 uses -
'*';‘f'zs'"_-ff5 ?5.f§;;fAf1533 o o ahes
12-19-78 &*'f%_;};?T' 4 w5

LN
e

o 28 :1 _f';_-T;€ 563 ;1: _ tiif C23 . wgo
.:;J;;17;79J ‘Q«':';}‘;< 3 s ST

ac’



- TABLE . 3. WATER LEVEL DATA FOR OBSERVATION WELL SUB-1 :
- B ‘ (cont'd) o
~ TIME SINCE :
INJECTION STARTED WATER
DATE - THIRD TIME LEVEL
(ty, days) = (ft/MP)

1-11-79 - 44,99
17 - . 45,11
31 - 45.19
2-07-79 - © 26.09
13 - 46,85

20 - - 46,71
27 - 46.77
3-06-79 - - 47.22
13 - 747,18
27 47,14
4-03-79 - 47.30
- 04 - 47.40

06 : - - 47.47
09 - . - 47.11
12 : 2 - 46.80
19 3 9 - 46.60
30 200 85,42
5-08-79 28 - 45,30
14 34 | 45,22
21 S R 45,17

S 49

N2



 TABLE 4. WATER LEVEL DATA_FOR.OBSERVATION WELL SUB-2-

DATE

TIME SINCE

INJECTION STARTED

FIRST TIME
(t; days)

. TIMEZSINCE :
INJECTION RESTARTED
SECOND TIME

" (tg, days)

WATER LEVEL
(FT=-MP)

VI
15
16
17
18
20
Y

SN IR
19
26

ge02e17

: “’;i'09 - - {.',
| ﬁi 15“?.z~pf¢
;f_ 2?
30
9-12-78

17
R
11-01-77

6-13-77

CTe0sTr

10-10-78 =

o

N OO P W N e

C 14

43

7

2 o
6

63 e

70
78
91
120
w7
136
141

. §7.52

" 57.46
57.54

57.35
57.33
57.29 .

- 57.25
57.30

57.10
57.04

. 56.99
56.91 |

" 56.89

17

56.88

56.70
56.71
56.37 .

56.08 .

56.29
55.84
56.09



TABLE 4. WATER LEVEL DATA 'F_OR OBSERVATION WELL SUB-2 (Cont'd)-

- . TIME SINCE . TIME SINCE - ,
DATE . INJECTION STARTED . INJECTION RESTARTED  WATER LEVEL
. FIRST TIME SECOND. TIME . (FT-MP) .

(t; days) =~ " (tg, days) *

11-08-77 o w8 f "' ' o 'lt s
s s N 5567
R T S . s
Coweem o ows . sl
o s - e
20 . 10 o sses
28 ",:J e 45.68
Sowmo
: ;'""“1-10_-78, , - 211 - | o : .
R - U R R
Coeeles a8 < sea
f\‘fv 21 "'_f.’””>'f-‘ 253 ' ;}f  -': S 56.56
e S T e
06 L e , '.;;_:‘: 56.61
B - S ke
407 - 27 sea0
w0 s 5659
o T ss  s6.68
o sos71s 39 - 3 0 5666
B T L 2 sss
60578 . =w O maz
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TABLE 4. WATER LEVEL DATA FOR OBSERVATION WELL SUB~2 (Cont'd)

Vol S

.- TIME SINCE . -~ TIME'SINCE =" -~ =~
DATE - INJECTION STARTED INJECTION RESTARTED . WATER LEVEL -
~ FIRST TIME ~  SECOND TIME~ (FT-MP) -

(ty days) o (tgendays)

§-27-78 L Coae s s
- 'ﬁ7—06-78'5':“: ]5j*" 388 I © 59 ';.?f~  56.21
REEY: "‘ ;'1” : 400 . B 56.16
2z . - a9 80 - 56.23
8-09-78 " a2 e 56,05
% B o w0 Se.os
o-27-78 41 2 s
10-03-78 . 47 ug 5532
Coes a0 s
';ﬁ .11'07'78'{  ii: ;9 1_ sz ff;'f-;'; ;.; - 183 1 :f'&:“.54.77-
S ss w0 sa0
e om0 28 s
i 12-19-78;fif17'f§, - 554 * 4;;*.'-‘ ~:‘f S22 417
Ces U ms L am saaz
Co1ere s 2 535
| .ﬁ_31 ' 7“ ':u_ s R o 54,60

39
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- TABLE 4. ~ WATER LEVEL DATA FOR OBSERVATION WELL SUB-2
S . (cont'd) E :

— - TIME SINCE
| - INJECTION STARTED: §iiy
DATE - o THIRD TIME i JiETY

- , : o . (t., days) N

.__.
~

[ I
o o
S
(4,
(o))

Ny
o
[ E B |
(92}
N
o

o
=
SR
o
o
—
o

TS S A T O £

6-08-79 . . Lo ss el aE i sy

20 .. e s

25 oo g sl

- 7-03-79 . . e 82 ' winoooo o v55.19
o .. : R 89 o -~ 55,54
17 : S 96 ; , - 55,94
24 S e B (0 X ' .. . 55.83
3l o S e o110 . . .. 56.06

8-14-79 =~ . .~ P 134 -, 56.24
23 S e 143 - 55,70

9-04-79 . .+ ... 185 . 5537
07 - .. . 18 . ~ 56.51
11 . 5516

10-02-79 . 183 - . 55,3
17 S 0 198 - 55,23
2 - 203 -~ 85.27



 TABLE 4. WATER LEVEL DATA FOR. OBSERVATION WELL SUB-2
o (cont’ d) \ ' '

g b

UL

TIME SINCE -
| | - . INJECTION STARTED  WATER
DATE o ~ THIRD TIME T LEVEL

(s, days) T (R

11-06-79 . - 218 . osamg
13 Coa2s | 54,39
26 . 238 | 54,44

12-05-79 - 247 . 54,53
s 25y Bagy
T S 54,69

1-17-80 2.0 ' 54.65
2 204 7 s4.61
29 o - 302 ' ‘154,50

2-04-80 . . . - 38 . 54,60
T S 32 54,55
B - 5460

3-08-80° ... . .- 31 . 5865
17 .o S 30 EaLg
4-03-80 7. . 56.80
s-2-80 . ms o esa
27 s ‘ifff 3 _.“ .v, o 7 55,43
 6-06-80 . . o431 - .. 5.0
S T L AP RS- N :
20 0 my R T

7-02-80 . ... . 457 8527
7 e a2 . .B5.28
2L e 4T6 T 49.40
28 ‘ o 483 54,90

g-18-80 . . Cos4 . - s5a

41



TABLE 5. "WATER LEVEL DATA FOR OBSERVATION WELL SUB-3

TIME SINCE . |
oATE INJECTION STARTED WATER LEVEL
- FIRST TIME (FT-MP)
(DAYS) ~

6+13-77 | 0 o .-
7-20-77 37 o 45.38
A Y | 4522
8-2-77 IR 50 : 45.64
8-12-77 o 60 | 455
8-16-77 6 : | 45.60
8-22-77 - 70 - - 45.91
§-24-77 | | o - 43.45
8-30-77 | 18 43.48
9777 88 - | © 43.00
0-13-77 - 2 . 42.92
9-21-77 101 YN
9-28-77 © - 1ws C 42.89
10:4-77 114 | O a4
10-12-77 B o122 - | 43.19

-10-31-77 g : - 141 - - 43.12



TABLE 7.

*

*%

NOW refers to August 1980 except for Sub 1, wh1ch was last samp]ed Apr11 304

Then - before injection started

CONCENTRATIONS BEFORE INJECTION AND NOW* FOR EACH CONSTITUENT
FROM THE BROADVIEW ACRES WELLS
© WELL - o BICAR- - S ~ MOLYB- |
'NO.  SULFATE -  SODIUM =~ BONATE  NITRATE URANIUM  SELENIUM DENUM  RADIUM
**Then *Now Then Now Then Now Then Now  Then Now Then Now Then Now __ Then Now
W 1569 1057 350 280 - - - - 0.0 <0l 0.05 0.09 0.02 0.04 - -
Sub-1 1755 1516 550 550 619 472 16.0 11.6  0.42 1.19 - 0.13 0.36 0.05 0.22 2.5 1.1
Su-2 1450 2024 415 490 832 315 5.1 2.0 0.01 <.0l 0.5 151 0.0 0.02 2.5 1.7
Su-3 2255 910 595 420 675 456 17.5 8.0 6.8 1.70 0.83 0.07 0.01 0.11 2.2 0.9
Su-4 1730 651 495 250 406 510 9.0 1.1  0.12 <0l 0.66 <01 0.02 0.05 3.7 1.2
Sub-5 2900 1943 860 580 1180 910 6.0 5.9 24.3 12.9 145 1.54 5.65 6.41 2.0 0.3
Sub-6 2150 1255 615 400 530 456 9.5 6.5 0.4 3.9 0.50 0.7 0.05 0.06 4.4 1.1
Sub-7 1330 1513 350 360 320 189 9.2 7.25 0.85 <01 0.44 1.25 0.03 0.05 4.2 0.3
Sub-8 1325 2116 408 520 460 449 4.5 5.7 0.3 3.5 046 132 0.02 0.43 4.4 1.3
1979,



[ 4

TABLE 6. MAXIMUM CONCENTRATIONS OF THE BACKGROUND WATER (WELLS P, Q OR R),
© . HAXIMUM CONCENTRATIONS OF THE INJECTION WATER (DEEP WELL 2),
s T elielT L AND THE DRINKING GROUND-WATER STANDARDS ,

MAXIMUM BACKGROUND | MAXIMUM INJECTION o uGROUND WATER - MAXIMUM MAXIMUM

~ CONSTITUENT ~ CONCENTRATION - CONCENTRATION - STANDARDS ~ CONCENTRATION  CONCENTRATION

_BEFORE INJECTION @ 8/80

CSoy 1300 e80T

L Mo

600 2900 o a

1280@

Na - 'lMPfoffl 30 20 . - . T go o ss0 "

3400

Mo, . sa0 o UTooss3 T o g0 o910

. on o ba0e S . . - |
Nogas N 285 =21 - TS tio o v ags . 1.5
- 2728 U P SR
.72"'f, 10019 s a3 - 12,9
30 o8 T 0.0 o v 1.4 154
238 0,058 0 e S S

oo oo

Se

20 0.13 L s
‘100 o Toie T

\
R P =

R
}
1
i

|

i

NOTE: Cdnceﬁffétibﬁé'ihwﬁg/]:”éxéépf.Razéé in pCi)l @ = second highest’



Injection rate, million gal/mo

1,50

1.25

e
(@]

.75

.50

.25

0

' -Avg. Q= . Avg. Q= o S Avg. Q

, = 447,476 gal/mo
551,535 gal/mo 647,951 gal/mo = 10.4 gal/min
12.6 gal/min ~ 14.7 gal/min " (April, 1979 - August, 1980)
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FIGURE 1. MONTHLY INJECTION RATES FOR WELL G
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i Ihjection Rate, million gal/mo

1.50 -

1.25 -

1.00

0.75

050

Avg. Q = - Avg. Q = ‘ o . Avg. Q = 63,456 gal/mo
.651.650 gal/mo - 705,828 gal/mo E 1.4 gal/min
14.8 gal/min 16.0 gal/min o (April, 1979 - August, 1980)
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“FIGURE 2. MONTHLY INJECTION RATES FOR WELL GG
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Injection rate, million gal/mo o

1.50

1.00

0.75
0.50

0.25

[ Avg. Q = . Avg. Q= ' Avg. Q = 480,305 gal/mo
- 443,656 gal/mo 430,920 gal/mo S _ .= 11.1 gal/min :
©10.1 gal/min 9.7 gal/min : S (April, 1979 - August, 1980)
»
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—

I I I O NN NN N RN I | |'| | T T I I
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1977 ' e 1978 ' - 1979 _ _ 1980

FIGURE 3. MONTHLY INJECTION RATES FOR WELL GA



7 1.50

frnjection<Rate,:mi1lion gal/mo = -

1.25

1.00

0.75

0.50L

0.25

~ Avg. Q = '  Avg. Q = o o i AVg..Q 156,780 gal/mo
© . 113.327 gal/mo . 565,639 gal/mo _ 3.6 gal/min .
2.6 gal/min - 12.8 gal/min ' . (Apri], 1979 - August, 1980)
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Injection Rate, million gal/mo

e
i 11.‘25
1,00
0.75
0.50

10.25

~ AVg. Q = 4 Avg. Q = | o : Avg. Q = 162,186 gal/mo
109,501 gal/mo 363,158 gal/mo - ; 3.8 gal/min
2.5 gal/min 8.2 gal/min o ‘ (April, 1979 - April 1980)
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FIGURE 5. MONTHLY INJECTION RATES FOR WELL GC
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Injection Rate, million gal/mo .
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455,156 gal/mo

Avg. Q = T Avg. Q= B L Avg. Q
: 10.6 gal/min
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7.9 gal/min . 14.4 gal/min 0 (April, 1979 - August, 1980)
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FIGURE 6. - MONTHLY ‘INJECTION RATES ‘FOR WELL GD
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TOTAL INJECTION RATE, IN GPM
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FIGURE 7, TOTAL INJECTION RATE FOR WELLS G, GG, GA, GB, GC AND GD, 6/13 - 12/30/77



Total Injection Rate (Second Period)

".From_5/08/78't0 1/24/79

140

,. . - -
-
b TN
l, |
T e~ Ll
e -———
~ e
Pt SN
- —
-
- :
— o
‘\‘\l
- —_— O
_ [ st
- \\
. ) s
. - .l
A ~
= ~
..p ll . m— .
| s »n
[lo] - .
- . ! e o
~ < )
ol .._ .
1 Se - e
5 - | -
S o
—— . -
, ; el ) - . ”
. : [l
- ) | E
- i =
> " 1=
=« - :
. ‘\ .,,...v .
. - i |
e :
i i
.
1
“.
o -
-
. B —
—
e ’
- - '
. - .
- - .
\\
.'
//
| .
\
—

500

‘120

e e g e = - - = ?

100¢-

] !

“hol

WdD NI “3Lv¥ NOILD3ONI TYLOL
S R SRS 15

20 |

- 10

FIGURE 8.

"TOTAL INJECTION RATE FOR WELLS G, 66, GA, 6B, GC AND GD, 5/08/78 - 1/24/79
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Total Injection Rate, gpm
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Tota] Injection Rates (Third Period)
4/10/79 to 8/31/80
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Time, days

FIGURE 9. TOTAL INJECTION RATE FOR WELLS G, GG, GA, GB, GC AND GD, 4/10/79-8/31/80
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"WATER LEVEL, IN EEET
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FIGURE 10. WATER LEVELS FOR WELLS GH, H AND SUB 4.(1977 & 1978)



Water Level, ft =
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FIGURE 11. WATER LEVELS FOR WELLS GH AND H (1979-1980)
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FIGURE 91. SODIUM CONCENTRATIONS_FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 11/13/77, IN mg/1
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* FIGURE 92. SODIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 7/13/78, IN mg/1
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. FIGURE 93. SODIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 2/13/79, IN mg/1
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. FIGURE 94. SODIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 8/80, mg/1
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... FIGURE 97. BICARBONATE CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 8/80, mg/1
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FIGURE 99. NITRATE CONCENARATIWONS AS N FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 7/13/78, IN mg/1
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FIGURE 100. NITRATE CONCENTRATION FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 2/13/79, AS N,

IN mg/1
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- FIGURE 102. URANIUM CONCENTRATIONS FOR BROADVIEN ACRES ALLUVIAL AQUIFER ON 6/13/77, IN mg/1
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' FIGURE 103. URANIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 11/30/77, N mg/1
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“FIGURE 106. URANIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 8/80, mg/1
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FIGURE 107. SELENIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 6/13/77, IN mg/1
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:‘FIGURE 109. SELENIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 7/13/78, IN mg/1
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'FIGURE 110. SELENIUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 2/13/79, IN mg/1
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FIGURE 112. MOLYBDENUM CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 6/13/77, IN mg/1
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FIGURE 114. MOLYBDENUM CONCENTRATIONS FOR BROADVIEW ACRES’ ALLUVIAL AQUIFER ON 8/80, mg/]i



69:._45"

" NORTH

oW
3
o2
og
°3

[0 Jpu

" SCALEI"=300'

1 » ' .
\ - _
05] 04.4
’ o suUB-4 . suB-8

w
c
@
'n
kel

_—

L | o z.o\o | \ ©4.4 : » 420
e T < suBsly

. sSuUB-6. : ' SUB-7 |

suB-1 o255 : : \

’ 025.
sus-2

FIGURE 115. RADIUM 226 CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 6/13/77, IN pCi/1
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~ FIGURE 116. RADIUM 226 CONCENTRATION FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 11/30/77, IN pCi/1



191

é

BROADVIEW ACRES NORTH

o o , S
GG "GA . 6B -GG - 6 -~ | s S

SCALE ("= 300

o®
[o

) 08

/ sus—4\ sus-8 |
/ ‘ ' sug-3| |
_ - 139}

14 |, S 6| o
sues| || _ suB-6 ) sus-7

sug-; oll.4-

l_F-_IGURE 117. RADIUM 226 CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 7/13/78, IN:bCi/l



91 -

oW

SCALE ["=300" _

00.5
suBe-4

00.9
subB-8

“|suB-3
©

0.9 |5
g [
suUB-5

00.9
sSuB-6

Lle
sSuB-7

0.5

sug-1i

 FIGURE 118.'RADIUM 226 CONCENTRATION FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 2/13/79, IN pCi/1 .
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* FIGURE 119. RADIUM 226 CONCENTRATIONS FOR BROADVIEW ACRES ALLUVIAL AQUIFER ON 8/80, pCi/l " . ' .



